MATERIALS AND METHODS
Bacterial strains. All the strains, except strain K, used in the present study belong to derivatives of Bacillus subtilis Marburg which is widely used for transformation study. The wild type strain was used as a donor of transforming DNA. Strain try 160, which requires tryptophan for growth, served as a recipient of intact phage M 2 and, in some experiments, as a recipient of transformation.
Strain 171-15 (try arg), a mutant requiring tryptophan and arginine, was used as a recipient of phage-DNA infection and transformation.
The try and arg loci of this strain are not linked, and the try loci of strains try 160 and 171-15 are isogenic. Strain try 160/M 2 is a phage M 2 resistant mutant and was used as a recipient of phage-DNA infection. B. subtilis strain K was used as a source of heterologous DNA, because its DNA could not transform any genetic traits in Marburg strains.
Bacteriophage. Phage M 2 served as a source of phage-DNA. The phage was isolated by one of the authors (T) and identified as a virulent phage which could infect Marburg strains. The average latent period and the average burst size of M 2 were, when multiplied in try 160 in nutrient broth, about 35 min and 1,000-1,500, respectively. The base composition of the phage DNA has been reported in a separate paper (8). This phage is distinct from SP8 (1).
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Media.
Compositions of nutrient, minimal and supplemented media have been described previously (9). Phage-dil, a solution used for diluting phage suspension, has also been described.
Bacterial DNA. The DNA was prepared by the method reported by SAIT0 and MIURA (10).
Preparation of phage. Phage M 2 was harvested from the lysate of the infected cells of try 160. The bacterial cells grown to 3-5 x 108 cells per ml in 100 ml nutrient broth were mixed with phage M 2 at a m.o.i. of 1. After 15 min absorption at 37°, the culture was diluted to 2,000 ml fresh nutrient broth.
Then, the culture was bubbled vigorously with sterile air for 3-4 hr at 37°. When most of the infected cells lysed, the lysate was subjected to centrifugation at 4,000 rpm for 15 min to remove cell debris. An equal volume of cold ethyl alcohol (99/ v/v) was added gently to the supernatant which had been chilled with ice. The mixture was kept overnight in cold. Clear supernatant was separated by a syphone and the remaining turbid fraction was subjected to centrifugation at 4,000 rpm for 15 min. The precipitate was dissolved in 40 ml saline containing 10-2 M MgC12, and centrifuged once again at 4,000 rpm for 15 min to remove insoluble materials. The phage particles were sedimented from the supernatant by centrifugation at 20,000 rpm (40,000 x g) for 45 min and suspended in an appropriate volume (3-5 ml) of saline with 10-2 M MgCl2. The phage suspension was kept overnight in cold, and the insoluble residues were removed by low speed centrifugation (4,000 rpm, 15 mm). The purified phage suspension contained 1013-1014 viable phages per ml, and served to prepare M 2-DNA.
Phage DNA. The purified phage suspension was mixed with an equal volume of phenol saturated with 0.02 M Tris-buffer (pH 9.0 with 0.2% sodium dodecyl sulfate), and the mixture was shaken gently by hand for 5 min. Further procedures were performed as described by SAIT0 and MIURA (10).
The absence of intact phage in the DNA preparation was checked by plating on indicator cells. Experimental procedures of phage-DNA infection and transformation. The experimental procedures of phage-DNA infection were essentially the same as that of transformation described elsewhere (10). Competent cells were prepared by the standard method (11). Incompetent cells, the cells unable to be transformed by DNA, were harvested from an exponentially growing culture in nutrient broth.
The exponentially growing cells also served as indicators of phage M 2.
Phage-DNA or bacterial DNA was incubated with about 4 x 108 per ml of competent or incompetent cells at 37° for 45 min. As for phage-DNA infection, the mixture after incubation was subjected to centrifugation at 4,000 rpm for 5 min, and the precipitated cells were resuspended in 1/2 volume of phage-dil and plated with indicator cells (12).
The numbers of infective centers and transformants were scored after 18 and 36 hr incubation at 37 Determination of sedimentation constant of prepared DNA. The phageor bacterial-DNA was dissolved in standard saline-citrate solution so that the final concentration became 500 pg/ml. Centrifugation was made on a Hitachi analytical-type centrifuge, and sedimentation constant was calculated from Schlieren pattern obtained.
Concentration of DNA was determined by the indol method.
Enzymes. DNase, RNase and trypsin were purchased from Worthington Biochemical Corporation (Freehold, New Jersey).
RESULTS
Molecular sizes of phage-and bacterial-DNA's By the method described previously, sedimentation constants of phageand bacterial-DNA's were determined to be 13.2 S and 13.3 S, respectively. The values stand for the molecular weight of approximately 1 x 107. By the measurement of DNA and number of infective phages in one ml phage stock, the molecular size of DNA contained in an intact phage particle was estimated to be about 4 x 107.
Conditions for DNA-infection
and DNA-transformation
The competent and incompetent cells of try 160 were used as recipients. Concentration of DNA was 41 pg/ml for the DNA-infection and 0.1 pg/ml for the DNA-transformation.
In the control experiment, the DNA was treated with 10 pg/ml of DNase, 30 pg/ml of RNase, or 30 pg/ml of trypsin at 37° for 10 min prior to mixing with the recipient cells.
The infectivity of phage-DNA as well as the transforming ability of bacterial DNA, was not influenced at all by the RNase and trypsin, but destroyed by the DNase. The incompetent cells allowed neither infection nor transformation.
A M 2 resistant strain, try 160/M 2, was as sensitive as try 160 to the phage infection (Table 1) .
Thus, the vector of phage-DNA infection is DNA itself, and the DNAinfection can be accomplished only when the recipient cells are competent to bacterial transformation.
Effects of concentrations of DNA on DNA-infection and DNA-transformation
Competent cells of strain 171-15 (try arg) were mixed with increasing amounts of phage-or bacterial-DNA.
The kinetics of DNA-infection and DNA-transformation are presented in Fig. 1 . Linear increase of both curves of single (arg) and double (try arg) transformation reaches a breaking point at around 0.02 pg/ml of DNA concentration, and then, the slower increase of bot hcurves follows up to 5-10 VOL. 12 pg/ml of DNA concentrations. Sudden falls of the curves are observed at about 100 pg/ml of DNA ; the reason is not known.
As for the DNA-infection, satisfactory number of infective centers is not obtained below 0.1 pg/ml of DNA. At higher concentrations, the curve shows a linear increase up to 5-10 pg/ml of DNA, where the increase of the curve turns slower.
The ratio of the slopes of double transformation and DNA-infection to that of single transformation are 2 and 4, respectively, at the concentration range from 1 to 10p/ml. This range of DNA concentrations corresponds to the partially saturated level.
Competitive effects of heterologous DNA an DNA-infection and DNAtransformation Heterologous DNA prepared from B. subtilis K was mixed with an equal amount of active DNA of phage or bacteria at two levels of concentrations, 0.1 pg and 32 pg/ml.
The inability of K-DNA to transform the cells of Marburg strains had been checked.
As the results in Table 2 indicate, the reduction rate in numbers of single (arg+) and double (arg+ try) transf ormants by addition of heterologous DNA (32pg/ml) are about 1/2 and 1/5, respectively. While, in the DNA-infection, the reduction in number of infective centers is 1/24. Similar reduction was observed in the repeated experiments.
DISCUSSION
The authors reported in the previous paper (5) that the DNA prepared from bacteriophage M 2 could incorporate into competent cells of recipient strain and work to produce progeny phages.
This phenomenon was further studied with phage-DNA of definite molecular size which was as large as the bacterial DNA used for the transformation experiment. In Fig. 1 , the slope of the curve of phage-DNA infection is about four times steeper than that of the single marker transformation.
At the same concentration range of DNA, the curve of double transformation of unlinked markers is twice as steep as that of single transformation. These results suggest that the simultaneous occurrence of four independent events, i.e. the incorporation of four DNA pieces, is required for the completion of phage development in a recipient cell. The cells which received adequate combination of DNA pieces might produce progeny phages.
Moreover, as the results in Table 2 indicate, the presence of heterologous DNA together with phage DNA reduces the number of inf ective centers to 1/24, whereas the reduction is about 1/5 in the double transformation. These results, as well as the fact that the size of phage-DNA used is about 1/4 of that of intact phage DNA, suggest that the phage-DNA infection could be accomplished only by the incorporation of multiple phage-DNA pieces, and that there might be no intrinsic difference between the two phenomena, the DNA mediated infection and the DNA mediated transformaton.
GREEN (3) reported that multiple incorporation of DNA molecules is requisite for completion of phage-DNA infection, although he used phage-DNA pieces as large as the intact phage DNA. He suggested that the recombination of DNA molecules might occur frequently prior to the establishment of an infective center. REILLY and SPIZIZEN (4) reported that the phage-DNA infection could complete in consequence of incorporation of a single DNA molecule.
In their case, however, the efficiency of phage-DNA infection was considerably lower than that of bacterial transformation, and they suggested a possible role of a minor component contained in the phage-DNA preparation.
In the present work, the phage-DNA infection was completed by the incorporation of pieces which were as small as one fourth of the intact phage DNA. The disagreement among 
